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THIS edok INCLUDES STANDARD APPLICATION || 


βατ LAND CIRCUITS (DESIGNED BY THE | 
AUTHOR. EACH. CIRCUIT WAS ASSEMBLED AND | 
ТЕР | BY THE | AUTHOR | AS THE Book WAS | 
Ῥενειρρεῦ. | AFTER THE Book WAS COMPLETED, | 
| ТЕ | AUTHOR REASSEMBLED. EACH CiRduiT το. | 
| CHECK FOR ERRORS. WHILE REASONABLE САВЕ | 
WAS, EXERCISED |j ΤΗΕ PREPARATION OF THIS | 
| Воск, | VARIATIONS | № COMPONENT TOLERANCES 
To CONSTRUCTION. METHODS MAY | CAUSE THE 
Re SULTS You. OBTAIN TO DIFFER FROM THOSE 
GIVEN HERE. THEREFORE THE AUTHOR AND 
RADo SHACK | ASSUME NO βΕΞΡοΟΝΣ(ΒΙ«ΙΤΥ Рок 


MEPER OVER THE ὑ:Ε το WHICH THE 4 
INFORMATION | IN THIS Book 15 POT, Wwe | 
ASSUME. no LIABILITY. FOR Аму DAMAGES 
RESULTING FROM ITS USE, | OF! сораѕє IT. 


\$ YOUR RESPONSIS/LITY To DETERMINE IF | | 


COMMERCIAL USE, SALE OR MANUFACTURE 
OF ANY DEVICE THAT INCORPORATES INFOR- 
IMATION) In THIS | Book INFRINGES | ANY . 


PATENTS, | COPYRIGHTS. OR OTHER | RIGHTS. || 


| bue το THE MANY Ιμαυιβιες RECEIVED BY | 
RADIO. SHACK AND THE AUTHOR, IT IS лот 
Possi&LE τὸ PRoviDÉ PERSONAL RESPONSES. 
то REQUESTS (FOR ADDITION AG INFORMATION 
| Custom CIRCUIT DESIGN, TECHNICAL ADVICE, 
TROUBLESHOOTING Αουιόε, έτα). IE You 

WISH TO LEARN HORE Asour ELECTRONICS, 
SEE OMER Books IN THIS SERIES AND. 

RADIO. SHACKS "GETTING STARTED IN 


ELECTRONICS.” ALSO, READ MAGAZINES НЕЕ | 
ELEcTRowics AND RADIO-ELECTROW|CS, ` 
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Hi-2 SPEAKER AMPLIFIER | 
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“INTRODUCTION 


IN THIS. ERA lof INTEGRATED Текст! 
ΜΙςΒΟςΗΙΡ5, THE Sinpugiry AND сомом 
OF CIRCUITS MADE FROM. INDIVIDUAL | Co M+ 
PONENTS ARE OFTEN OVERLOOKED. | THE! 
CIRCUITS | THAT FOLLOW ILLUSTRATE MORE- 
THAN 75 APPLICATIONS FOR SUCH BASI Γ 
COMPONENTS AS DIODES, TRANSISTORS, 
SCRS, AND TRIACS. THESE CIRCUITS Are 
PRECEEDED EY SECTIONS ON RESISTÓRS| | 


FOR MORE INFORMATION ABOUT TRE COM- 
PONENTS 05Е0 (м THE CIRCUITS: THAT FOLLOW, 


ALL SEMICONDUCTOR CIRCUITS. | | | ы 


L. S&E"GETTING. STARTED IN ,EL&ÉCTRONIC S^ 
| CRADIO SHACK, 1983). THIS воск COVERS! 
BASIC. ELECTRONICS AND INCLUDES ico | 
| TESTED CIRCUITS. ALSO, SEE OTHER TITLES 


IN THE “ENGINEER'S MI NOTEBOOK” 
SERIES. | са 


CIRCUIT ASSEMBLY TIPS 


TEST VERSIONS OF THE CIRCUITS IN THIS 
Book WERE ASSEMBLED ON RADIO SHACK | 
MODULAR G8READBOARD SOCKETS. АРТЕК | 
ASSEMBLING AND TESTING A CIRCUIT ON | 
A BREADBOARD, YOU CAN ASSEMBLE А || 
PERMANENT VERSION ON А CIRCUIT BOARD 
AND INSTALL IT IN ΑΝ ENCLOSURE. THOUGH, 
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EACH. CIRCUIT INCLUDES SPECIFIC [COMPONENT | 


VALUES, SUBSTITUTIONS ARE USUALLY | OK IF 


VOLTAGE, CURRENT, AND POWER RATINGS. ARE. 


OBSERVED. FOR INSTANCE, A 1.2k RESISTOR | 


А 100K POTENTIOMETER CAN! BE USED IN. 
PLACE OF A SOK UNIT. AMD маму NPN TRA, 


CAN USUALLY BE SUBSTITUTED FOR ALK ΠΤ 1 
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AND. CAPACITORS since THESE COMPONENTS | 
ARE AN ESSENTIAL INGREDIENT IN, NEARLY | 


| 
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S\STORS CAN ВЕ USED FoR THE POPULAR. 2542222. | LI 


_, FOR MORE, SEE “GETTING STARTED Ім! ποιος afi 


“RESISTORS ΤΙ 


| ELECTRICAL, CURRENT. | THE UNIT OF || 
| RÉSISTANCE | 15 THe OHM Cf). А PoTEN— 


“RESISTORS RESIST me Flow ОЕ BM ||| 


| | MAL (DIFFERENCE | OF ONE vorr wili | 


| FORCE 
MRO. 


A CURRENT OF ONE AMPERE | 
UGH A | RESISTANCE OF ONE ϱΗΜ. | 


1 | 


OHN'S | LAW 


15. me Flow ОЕ ELECTRONS THROUGH 
А RESISTOR. GIVEN Аму TWO 
| ОЕ RESISTANCE, VOLTAGE , OR CURRENT, 
me THIRD VALUE CAN BE CALCULATED | 
From ORM S LAW: | | 


LEEEELELT- 


“NFER LT ms ZR. 


НЫЕ PoWER DISSIPATED IN A RESISTOR | | 
CAN. ALSO BE, CALCULATED: LA. 


[es Aria P= IR 


IMPORTANT. το BE SURE THAT ALL VALUES 
АВЕ EXPRESSED PROPERLY WHEN USING 


VOLTAGE (V) 1$ THE. POTENTIAL DIFFER- |... 
| Ence Across A RESISTOR. CURRENT (I). 


VALUES || 


R= V/T Hi 


ТЕ UNIT of Power is me wATT. IT 15... 
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VOLTS 


LAW. 
SHout 


FoR EXAMPLE , 
ФЕ EXPRESSEO Ας 
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GS MILLI- 


Όιοως VOLTS. 


470 АШ АТТУ. 


SHOULD | 


ВЕ EXPRESSED AS 0.42 WATTS. 
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42K RESISTOR HAS А RESISTANCE OF | 
47 *1,000 oR 47,000 OHMS. А 2.2m 


|.1,000,000 OR 2,200,000 OHMS. 


L| А МАЕ within 40-20% ОЕ THE RE- 
QUIRED VALUE. ALWAYS USE RESISTORS 
HAVING THE PROPER PowER RATING. - 
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| TOTAL RESISTANCE (Ry) = RI +2 | 
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4 TOTAL RESISTANCE (Вх) = R1 + R2 +83 


| | Γι LT 
RL RD R3 Res = 
ai MESS 
TE HEEE 
4 + +f 
IF RL = Ра = Въ, THEN R4 3 Rt /3. | | | 
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-CURRENT LIMITING OO БЕ Н! 


IN SERIES ` 


Wir | A LAMP, LED, 


Eon D i 


| RES! STOR CAN ВЕ PLACED 


SPEAKER , TRANSISTOR, | 
OR OTHER COMPONENT TO ерисе THÉ | 
Flow! OF CURRENT THROUGH THE DEVICE. ` 


\OHM'S LAW САМ Be 0360 TO CALCULATE 
HE CURRENT THROUGH THE LED FoR Á ` 
RANGE OF STANDARD RESISTANCE VALUES. | 


THE. FORMULA FOR CURRENT 1$ r= V/&. 
AN LED 006$ Мот BEGIN To CONDUCT | 


UNTIL DAE. FORWARD VOLTAGE 
1.7 νου5 (RED LED). TAEREFORE, | 
FORMULA FOR CURRENT 15 I*(G-12)/R. |. 


THE 


VOLTAGE. DIVISION 


[E Vin] 


15 ABOUT | 
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Ri 
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SUGGESTED 
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ME WHEATSTONE BRIDGE Bears 
ACCURATE MEASURE MENTS OF RÉSISTANCE. | 
15 TRE ος ω τομ κα 


R3 


R4 


LI 
ΠΗ 
Ἐί-βα! hub Ri-R4 | | 
FORM. Two VOLTAGE. | 
DIVIDERS. WHEN TAE | 
VOLTAGE. AT à. EQUALS, 
MHE. VOLTAGE AT b | 
THE METER INDICATES 
INO VOLTAGE AND THE | 
BRIDGE |5 SAID TD Tee] 
BALANCED. 
OCCURS ; 
ae 


WHEN IE 
пан: 
SHAH 


AERE. PERMITS. THÉ | 
ACCURATE. MEASURI T4 
MENT ОЕ AN о№- | 
KNOWN RESISTANCE | 
(R3). Ri And RZ 
Swouto ВЕ PRECISION, 
(456) RESISTORS. R4 | 
15 A POTENTIOMETER | 
WITH A CALIBRATED | 
DIAC. RS 15 USED | | 
To REGULATE THE | 
CURRENT FROM THÉ | 
POWER SUPPLY. RG | 
AND Si FORMA A | | 
SHUNT THAT PROTECTS, 
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(mé Senge showy. 
| 
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MÍ. ADTUST RY UNTIL 
MisO. PRESS 51. 
AnD REPEAT. RESPH. 
IF Ri # R2, THEN | | 
R3- CR1 z Re) Val EPI 
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(CAPACYTORS| STORE | AN ELECTRICAL 
CHARGE. THE UNIT OF CAPACITANCE 15. 
THE FARAD. A i-FARAD CAPACITOR con- | | 
NESTED TO A 1-VOCT Зорн WIL STORE | _ 
A CHARGE OF 6.28% 10!? ELECTRONS. | | 
MDST CAPACITORS HAVE. CONSIDERABLY LESS. 

(CAPACITY, (VALUES COMMONLY RANGE | ||| 
FROM ЈА Few PicoFARADS (107: FARAD) || 
πο А Few Pogsano . | MICROFARADS EDJ 
[SOL РС Т id 


4 РАЙО SF || ] 
L MICROFARAD 5 1 uf 107 E | Li 

4 NANORARAD = HEURE Шш яй! 
4 PICOFARAD = 1 pF sto ЗЕ. ΠΠ 


А, CAPACITOR CAN BE сідав АСМоѕт | || 
INSTANTLY, ΕΥ CONNECTING ITS LEADS | |. 
DIRECTLY | ACROSS A POWER SUPPLY. ||| 
THE. CHARGING TIME CAN BE INCREASED | 
BY | INSERTING! A RESISTOR BETWEEN || | 
THE. Рр AND THE. wis иа ———— 


START. TIME. 


WARNING! 


| DREET CHARGE βεπίστινε. change | 


FoR А CONSIDERABLE TIME 


А CHARGED | CAPACITOR. WILL GRADUALLY. Lose 
113 CHARGE THROUGH LEAKAGE. THE Dis= |. 
CHARGE TIME. 

CAN ВЕ REDUCED 


BY CONNECTING 15 Tp 1O νοίτ5 CAN | MELT 


A RESISTOR ACROSS [SCREWDRIVER | SHORTED ACRO: 
THE. CAPACITORS HIGH =| 


РЕН 


TORS- CIN SERIES | 


CAPACITORS. I PARALLEL 


Most CAPACITORS n RETAIN, A eras 


| CHARGING SUPPLY HAS BEEN shua ES ЖЕЕ! 
loFF. THEREFORE USE CAUTION | w | 
WORKING Wim CAPACITORS. А Ш Cra | 
ELECTROLYTIC | CAPACITOR. CHARGED | ONLY 
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AFTER 


pie fd δες 
SERE 


TWO LEADS! | Li Ë f PHoToFLASA UNITS CAN STORE, A 
0 Ll | 


= in OYT. 


| POWER SUPPLY FILTERING ΓΞ 


"SIGNAL FILTERING | 


A| SINGLE CAPACITOR САМ DWERT 
UNWANTED SIGNAL TO GROUND: 


A SINGLE CAPACITOR CAN REMOVE AN | 
UNWANTED DC COMPONENT FROM А 
FLUCTUATING SIGNAL + 


А LARGE CAPACITOR WILL SMOOTH THE 
PULSATING VOLTAGE FROM A POWER 
SUPPLY INTO STEADY DIRECT CURRENT: 


PULSATING FILTERED 


OUTAGE ος ος 


RECTIFIER 


SPIKE AND NOISE SUPPRESSION: 


OLLI 


А O. «Е CAPACITOR ACROSS THE POWER 


SUPPLY! PINS OF А LOGIC CHIP wiLL ВЕЕР. 
SUPPRESS FALSE TRIGGERING CAUSED ВУ. 
BRIEF! POWER |SDPPLY NOISE SPIKES. 
Eri 


INTEGRATOR ЕЕН 


| OÉ TAE INPUT SIGNAL. 


ΓΤ 


IMPORTANT OF ALL | 


[AMONG mE. MOST, 
CIRCUITS ARE τηε BASIC Esra il 
CAPACITOR. CRC) CIRCUITS: | nnd 


Ime INTEGRATOR 13 Ам C. CIRCUIT. THAT, 
TRANSFORMS An) сомы G ο sm waka 
ANTO. К | TRIANGLE WAVE + | t 


EIE 2n 


RAC 15 me TIME CONSTANT OF THE CIRCUIT. 
RC MUST EE AT Least apt mi TIMES THE PERIOD. 
1F NOT, THE AMPLITUDE 
ОЁ ТАЄ OuTPUT SIGNAL WiLL ВЕ REDUCED, | 
THE C\RCUIT WILL THEN BE A LOW-PASS. | 
FILTER THAT. &LOCKS HIGH RAEN A 


DIFFERENTIATOR | Н | | | 


ME DIFFERENTIATOR 15 AN RC CIRCUIT THAT, 
TRANSFORMS AN INCOMING SQUARE. WAVE | 
INTO. A PULSED OR, SPIKED WAVEFORM: | 


+ + + + 
ΗΕ | 
o سه‎ o m 
m IN R еа 1 Li 
Te RO nme ConsTANT κλουίο! ве 1/10 (2. 
LESS) δε THE DURATION. OF THÉ INCOMING | 
PULSES. DIFEERENTIATORS ARE OFTEN 


-USED TD CREATE. TRIGGER | Purses, 14 
| B: 


ros DES. AND. RECTIFIERS | ARE. FEM Conca | L 
| РЕМСЕЗ TAT CONDUCT. ELECTRICITY |N ONLY 

| OME DIRECTION. IT IS IMPORTANT Tp UN- | 
DERSTAND THAT A DIODE Dogs мот BEGIN: | 
πο CONDUCT UNTIL τηε. FORWARD VOLTAGE. | 
REACHES A MRESHOLD POLUT. FOR | 


más. 
[sope] А | STEADY. 
OUTPUT. VOLTAGE | Б t 
TO me SUM, 45 £ 
TURNON С ha 

VOLTAGE EAE ER 


010... mi i 


SILICON DIODES. THIS VOLTAGE 15 ABOUT 
Ὁ. VOLT, FOR GERMANIUM DIODES ITIS. || 
ABUT 0.3 νοιτ. Tis GRAPH SUMS ШР. 
DIODE OPERATION: + ТАШ іш”, 


9.6 X CD1*D24D«| 


ГОМ 


Ris фа; ЕМЫ Za 
Π ИЕ | бї μίο! ας 
| MUST HAVE Propdal a) 
POWER Satine. Сое. AL 
онм' baw ادا‎ а 


i EL 7 
| ΓΗ 
-TRIANGLE го: ESINE WAVE. 

I | | LI] H | 


ὁ CURRENT! | 
CURRENT 
Ме FORWARD VOLTAGE | 


РТ VOLTAGE). 


| 
Te ΙΒ 


i£z.s-Votr || 1-5 
TRIANGLE WAVE. lot, ο. | νι 7 


тна саит wate! 
REDUCE VOLTAGE | 
FROM А POWER |. 
1 Supply BY O.G 

MOLT. PER DIODE. 


EPEAK- READING урт 


— b PEAK 
TYPICAL APPLICATION: 

18914 || 
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464ү! 


| FREQUENCY. ος INCOMING. SIGNAL. Is Ber 
16Η ENOUGH TO KEEP, Ci CHARGED. 44 F 


3 gi LITT 
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ἃ RE! 


ITT 


REVERSE- POLARITY. “protector ® | Ma 


БЕЕН —p (81-0.6 v) 


IBI XE TUBIS TII то ἐιβεύιτ ВЕЕ 
10914 CRADID, TAPE 
RECORDER, BR 


ΤΗ 


| Моде protects CiRCUIT IF BATTERY. ls | Hi 
iai a wit REVERSED | POLARITY. 


КЕ PROTECTOR ELI 


| 
| 
| 
| 
| WHEN THE, CURRENT FLoWING THROUGH 
| INDUCTOR 15. SUDDENLY. SWITCHED OFF, mE | 
| COLLAPSING MAGNETIC FIELD WILL. GENERATE, 
HA HIGH МостАФЕ IN THE αδρυετοβὶς Coles. ` 
THIS VocTAGE SPIKE MAY HAVE AN AMPLITUDE ` 
| OF HUNDREDS OR EVEN THOUSANDS OF VOLTS. | 
ГА Dione CAN PRorecT THE CÍREVIT To | 
| WHICH. THE INDUCTOR 13 CONNECTED BY | 
| PROVIDING. А SHORT CIRCUIT. FOR THE HIGH 
VOLTAGE kee] FOR. EXAMPLE: | 


WHEN me DRIVE 
CIRCUIT SWITCHES 
TRE RELAY OFF, A | 
RIGH- VOLTAGE SPIKE | 
IS GENERATED IN 
THE RELAY'S coih. 
Di SHORT CIRCUITS 
TAIS SPIKE. 


I | 
|| DRIVE 
| | CAR eur 


| | Nore: i 
| | Бї INEFFECTIVE, 
| DURING TURAI-ON TIME. 


| METER PROTECTOR ERAN 
мі CONNECT А DIDDE 

ACROSS ΤΗΕ TERMI- | . 
NALS. OF A METER | . 
| πο PROVIDE REVERSE _ 
CURRENT PROTECTION. ` 


ИШ; ТІ Т 


+ egg 


i ш 2; 
дыз STABLE V WAVEFORM 


+ 
μανάτ #2 το соютвоц εἰιῤρίωα, AMPLITUDE. 
*V SHobLD BE A VOLT OR 5ο. IBU E THAN 4 
РЫК INPUT VOLTAGE [T 4 


mus. 
mme ADJUSTABLE CLIPPER | 


1$ А ёо Авт (72) VéRsio 


Φωτ 


| | ра |5 ANY DIODE RATED FOR THE INPUT VOLTAGE.. 

| THIS. CIRCUIT 1$ usep το TRANSFORM AN Ας | 
WAVE Into PULSATING DC Амыр TD DETECT 
MboULATED RADIO SIGNALS. 


E HALE-WAVE RECTIFIER | 


THis CIRCUIT L TRANSFORMS BOTH HALVES oF | 
"s АС WAVE INTO. PULSATING DC. 


FuLL- WAVE RECTIFIER | | 1 


61-04 AVAILABLE 
рч AS MODULE. 
XA М! 
ΠΗ] | дык 


| ALSO CALLED A BRIDGE RECTIFIER. USED TO |. 
- iB areas (BOTA |HALUES OF AC WAVE то DO] || 
1! 


сасар VOLTAGE DOUBLER | 


Eoo ews -} 
SHOULD ΕΕ; | 
RATED, A | 
x... X νι. USE | 
4 LARGE Value. 18 
| | CAPACITORS Το; 
| Révoce РНЕ, 


-BRIDG E VOLTAGE “DOUBLER | 


сц | Ht 
Ум 
1L xvi). 
r2 11 


SHULD gel 


COMPONENTS | 
RATED AT 


жу 


ον το oo 
pse BRIDGE 
Моро |_| 
Hu 1,02, 
ра Р И 


| 
+ 
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| 
COMPONE 
$AbULD ge | 


[ΒΒ 
| 4 


EETTETT 


lio Teach Basies oF | Digit: 


ΗΡΙ PRACTICAL. и! 


АРУ ENCODER- m 
Ts бесит 15 Αἱ. Fak a kaker | TEN в 
ONLY. MEMORY (РАФМ). USE! ας рема. 


NOTE: USE 1маза(ок SIMIL. 
gii ud 


THROUGH A DIODE, CONNECTED IN THE || 
EVERSE | DIRECTION. | THE | ZENER Dipoe Is 
| DESIGNED (SPECIFICALLY TO | BEGIN | CONDUCT- | 
1 ac me THE | REVERSE) DIRECTION | WHEN, | 
| VERSE. VOLTA GE! EXCEEDS ТА ΕΙ | | МоётАбЕ 
| SP. VALUE ChE BREAKDOWN VaLTAGÉ). | L1Co-1isv) | 
| THEREFORE THE ZENER DIODE | 15 А VOLTAGE || DNE E 
SENSITIVE SluiTcH. THIS ` ΓΑΠ SUMS. UP | 
ZENER B! ας πώ μαμα La 


] LET AE E | Léos Glow IN SEQUENCE AS вот |VeLTA& 
RISES. οκ TD LSE DIFFERENT ZENERS 5 
LONG As SERIES RESISTOR |LIniTS. IB ni: - 
PE THROUGH. LED TO. SSH [МАШЕ. 


VOLTAGE: SHIFTER. I ΤΕ 


VOLTAGES, ша за |! Li 4.1 ape 
lobo Warps. | | | |] Hd 14 |a lO D: ose. 2 


= 


|| Мы Midst ве Ат LEAST | | 
E 1114 VOLT ABOVE Мет. {ΕΠ | 
81 =(Чы-\3)/Т CAN VARY FROM. PRA 
LELET T πᾷ иштет 1 
VALUE. Di AND Ri MESI 14. 
AVE PROPER POWER. || 
LEM Созе оных Law), LI 


AY eRe 


i SAMPLE -REGOLATOR: | 


-bse το Reduce μένει | 
OF INCOMING SIGNAL, | 
| | 4156 CONVERTS SINE. 
SME RTT πο NEAR | 
SQUARE WAVE.) _ 


| 8 |15 А &3 TERMINAL. 
| SEMICONDUCTOR DEVICE 
ISMALL | CURRENT Ат ONE, TERMINAL CAN. 


| [Flowline BETWEEN THE SECOND. AND 
[am ° TERMINAL. 

FUNCTION AS Bam AMPLIFIERS AND 
Senes. BIPOLAR. TRANSISTORS | ARE 
|-1 SEE) 
m |THE DOPING CONTAINED. 

1 eens. 


+43 |o {ἂν 


igi 


| ВАЗА ‘TRANSISTOR AMPLIFIER 


| +12у 


|-ADTUST Ri το | | 
| GIVE BEST 
Resorts. ο Ri 
I-A {uF 5K 
+ 


sity | 
TEST CIRCUIT) 
GAVE GAIN 


IN WHICH! А 
CONTROL A MUCK. LARGER CURRENT — |, 
Mis MEANS TRANSISTORS I 


Ας NPN OR. PNP ACCORDING m 
IN THEIR THREE, 


BASIC TRANSISTOR SWITCHES H | E 


ет Wous /Min) ESOL 


H 
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| ERY | 
. 215 -o04 


tev 


ГАУ “DRIVER Fi 


tev Еа 
| RE RELAY PULLS i) WHEN 


[Resisnvelsenshal ba] 


| кау H to) 
+ 11 
100k 


RELAY CONTROLLER | LER 


АЫРОТ |5 four. 


APPLICATION: 


ri | 
I: 
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MOISTURE-SENSING ἘΠΕῚ 


Г] supplies seavence 
pr DRIVE | PULSES) 
TO RELAY. RA piso 
CX CONTROL | ВАЗЕ, 
RATE AND nme | | 
RELAY Is | choseo. | 
PER Pulse, Ru 1 
CONTROLS jeeps = 
RATE. USE. To = 
FLASH LAMPS. AND | wh 

CONTROL MOTORS. 

2 mI 


| 
| 


T 
| LI 
Sure s | H1 
πα 


| | PLAYERS. without 
AKERS... 


"is CiRCUIT REQUIRES NO 
jus ey, (TRANSFORMER. 


Г 


"Fuse τὸ Give Low-PowER SPEAKER 
ADIOS AND TAPE. PLAYERS WITHOUT SPEAKERS. | 


| use wim 
SYSTEMS. 


[3 AUDIO 


ШЕ?! 


Ll 
Th 


b. 
1 


L4 
T 


| = USÉ το COMBINE SIGNALS FROM. 
ORE) AMPLIFIERS, MICROPHONES , Het 
| 


Г 
Li m: 
Galt | ΠΠ 
«LF та 
Ме 
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TAPE RECORDERS, Pu&LIC ADDRESS 
AND PORTABLE. AMPLIFIERS. Li 


“inputs: tdv OK το Abb || | 


MORE INPUT | 


NETWORK 1| 
(Ci Ri R1). || 
+ 4-44, } 


R 


А 
| 


LE 


Li AUDIO OSI E 


TY πο καν ЖИШШ 
NN 


d 


ea + 


| bse) MANY | 
DIFFERENT. TRANS — 


Work | VALUE S 


"SHOWN, This || 


CIRCUIT CREATES. 


| дм Αωφια томе | 


OF ИР το SEVERAL 


| THOUSAND | HERTZ. 
| Т.Е. FREQUENCY | 


15. CONTROLLED 
BY RS. OK το 


S\STORS FOR | 


| аі AND QZ. FOR | 


МЕРУ Low | an 
FREQUENCIES, 


+ нне! RIED 


Tis cigcum. is! 
A. VARIATION OE) 


THE CIRCUIT ABOVE, .. 


R2 CONTROLS THE _ 
Nene" RATE. | 
ok το USE || 
VARIOUS 
(TRANSISTORS, ` 
FOR QL AnD. | 
Q2. + 


TOME. 


1 CLosinG |84 | + 
GIVES RISING, 
| OPENING 
51 Φιν ες || 
FALLING | TOME. 


|| bse! то сек 


ΓΗ 


| H 


2 SOUND. 
THRE 
1, » 
23528 NOSE | 


THIS 15 A 
SIMPLIFIED 
HARTLEY 
OSCILLATOR, 
ADJUST Ri το. . 
CHANGE TONË 
FREQUENCY. | | 
CONSUMES, ONLY 
100-200 

MICROA MPERES.. 


INSULATED 50 GAL 


L/4" TURNS TURNS. PF REI WIRE | 
SODA 
STRAW TAP 


ШС 


50 TURNS —” 25 TURNS LI. 
ColL: PUNCH TWO SMALL HOLES 1-1/8“ APART |. 
IN STRAW. INSERT WIRE IN FIRST HOLE, WIND 

SO TURNS, INSERT wIRE LOOP IN SECOND HOLE, 
AND Wino BACK ἐς TURNS. PUNCH HOLE THROVEH 
FIRST WINDING AND INSERT END OF WIRE. 

ТАР: CUT LOOP AND TWIST EXPOSED WIRES. | 


SWITCH DEBOUNCER 


+3 TO +15 V 


‘а 
192222. SUPPLIES SINGLE 
TRIGGER PULSE To 
RL LOGIC CIRCUITS. 


λοκ 


OUT SwitcH ALONE will 
"&ouNCÉ' WHEN CLOSED, _ 
CAUSING FALSE PULSES, | 

EN πο Lock OUT Si FOR 
A SECOND AFTER A |. 

EF) 1] 11 | PULSE EEE 


I4 


TET 


SIZED. &IOTELEMETRY, TRANSMITTER, FIRST 
DEVELOPED BY | OR, В. STEWART MACKAY | 
[AND OTHER. MEDICAL RESEARCHERS IN THE | 
LATE 195015. THis. TRANSMITTER | REMAINS | 
IONE (OF ME SMALLEST EVER puro pen 


PAGE OR МАКЕ А MUCH SMALLER version 
ЈА 1/2" LENGTH of ЅорА STRAW, Амр 

MAGNET WIRE. 
LAST 1/4" OF THE COILS. LEADS CUSE A, 
MATCH). 
VARNISH WITH FINE SAND EEr L1 | 
Bi: USE A ΡΕΝΙΙ6ΜΤ CELL OR A дацк 
OR SILVER ОКЕ BUTTON CELL. WARN ING :| 


i 


| 
1 
sea 
T 


NO, 3ο. 
BURN THE VARNISH) FROM TH 


THEN LIGHTLY BUFF, THE |CHARRÉD 


NEVER ATTEMPT TD SOLDER LEADS TO Min 


TURE POWER CELLS. THEY WILL EXPLODE. 


INSERT) FERRITE SORE OR) 
IN Coll το ALTER THE SIGNA 


USE MINIATURE. ELECTROLYTIC CAPACITOR. 


Ci: O.L με, Gives Audio TONE ; 10 LF Gives! 
. (AUDIBLE CLICKS. 
STEEL NAIL 


L 


АЕ RF. TRANSMITTER - 


TAS CIRCUIT 15 PATTERNED AFTER А PILL 
| 


[Πα] | 
ANTENNA. SIGNAL АТ ols 58: 
(OPTIONAL) | | у 

Li 
|| АТА! j 
11-25) 22k RF HARMS Wir |-- 
i TURNS, - 
δέος РЕ 
ὁ. 1.1 (AM, OR Sw RADIO, | 
TAP ai [А Few θεέτ AWAY, | 
so 2n2222 Ri (0 R2) cons | 
| TURNS TROLS SIGNAL | | 
| |. BL FREQUENCY. | 2 » 
MT 1-1/2 v To USE. casi ] 
| 400 А. oR TERMS TO TUNE à 
| FoR Ж 1... В | - 
саш: USE THe tol! SHOWN ON ΤΗΕ [FACING | 
тн 


|- USE _ RECTIFIER. + 
| ВРАОСЕ | MoDUCE ος... | 
FouR. 1314 ТГ + 


I +++ 
RECALIGRATE, | 
ΙΕ INPUT 15 | 
мот Α..1-ν.... 
SQUARE WAVE. | 


| mis CiRcurT 14 SUITABLE FOR 5Ρεείεις ROLES 
| RATHER | THAN GENERAL FREQUENCY MEASURED 
MENTS.. TO CALIBRATE FOR O-4 КА» RANGES |. 


|-4. SET R2 AND RS 1 TYPICAL RESULTS: 
АТ ΜΙΩ POINTS. 
2. APPLY 12,1 мат! 
SQUARE WAVE Ἆτ 
APRUT ШИШИ 
3, ADJUST R2. 
уыт ΜΑΞ Lm A. 
Ч. REMOVE LKH} 
| | SYeNAL.... }- 
1-15). SERE: 
uN MA = | باه‎ 
| o, REAPPLY 1 KHz . 


uu GENERATOR | Hr 


|. R3 contos | 
| PULSE RATE. MSEC 
| КАЙП Дис 


р 
«901 το de 


| AMPLITUDE 18) 
| Авоцт. 10 vets) _ 

WHEN. SUPPLY. 15, 
42.9 у 


Bi. 
an 2407 


282222 


| R4 
so 


| be ro 5 


| MICROAMPS MULTIMETER | 
| FULL SCALE. Sér το READ 
| | CURRENT IN! i 
| RL MILLIAMPERES.. 1 
| THEN. SET R< 


AT irs miD | 
1 Pon. [NEL 


| 4iseT ім POT FoR SE SIZE current) || | 
| (ADJUST R3 UNTIL) мї E EN Ае 
151 ВЕРЕАТ STEPS 1 АМЬ 2. | | 


ΓΗ ADJUST R2 UNTIL Mi JuoicATES Be 3 


THE. LEO FLASHES | | 
WHEN Qi 15... 
L-—MILUMINATED BY 

SUNLIGAT OR | | 
L ARTIFICIAL LIGAT, | 
WHEN Q 1s + 
DARK, με 11 ( 
Flasher is | | | 
DISABLED. Ci | | - 
CONTROLS THE | || 


| тїз б! 
SENOS 

| CORREN: 

Н m kane lilt kr 

| PURIS WES 
EACH, SECON! 


Flash 


TO ΞΤΑΥ. ON. 


FLASH RATE. 


| DARK АСТ VAT ED FLASHER 


j*4.$ Yo τόν 


TAS сїйсшт — 
сАЫ pe | | | 
usED AS A | 
WARNING | 
4 FLASHER | | | 
_ THAT TURNS. 


FLASH Rare, | 


t LED TRANSMITTER /RECE Ад 


bse. HIGH- | 
| purPuT. | 
| INFRARED 
| LEN. 


T Ri-Ab3usT with саке. | 


ΠΗ ++ 
sey oi | bi 4 


я 


rg 


p, 


Ri срютарыз | 

RATE. 
Li 15 А 14 aR | 
243 LAMP. DO | 
NOT Αιιονί 11 


ΕΗ 


Em eam 


14 
NE 
H- 
Se 
Б 


| 
ri 

| 
1 


| 


| THESE Logic ἐιέεωῖτς cAn ee σερ то | 
TEACH BASICS OF DIGITAL LOGIC. AND IN 
PRACTICAL | APPLICATION S, | 


OR GATE 


tov. 


NOR GATE 


Qt 
282222 


E 
r1 


ЕЕ 
ГГ 


кр! 


ΕΕ 


ЕТ 


my 


*8« Merk: | +9 


2n $813 
ل‎ 


[A JUNCTION |FiELB-EFFECT TRANSISTOR CFET) 
|I$.A.|S- TERMINAL. SEMICONDUCTOR — DEVICE IN. 
| ΙΑ. SMALL. VOLTAGE. AT ONE TERMINAL Ü 
CAN. CONTROL A CURRENT FLOWING BETWEEN | | 
| HE SECOND. AND (THIRD TERMINAL. FETS САМ | 
| FUNCTION AS | BOTH AMPLIFIERS AND SWITCHES, ` 
|- Е PRINCIPLE ADVANTAGE OF THE FET 15 | 
| its VERY HIGH INPUT СбАТЕ) IMPEDANCE. 
| | FETS АВЕ CLASSIFIED AS EITHER, №- OR, 
CHANNEL ACCORDING TO THE DOPING OF | 
{ πε] Αμ ΜΕΣΗ CARRYING CHANNEL сам } 


“BASIC FET ‘SWITCHES (N-FET 


а-у 


Г 
Ra 23614. 


Low GAI, 


VERY HIGH IN 
+ esok del 


τῆν. |o*9v 


EY Teal | 
sz RA 2N3819 
LI iM | 


+ Чу 
nj TEST | CIRCUIT 
PUT. GAVE САМ 


ες Cots yaa 2: 


HEC Mic ROPHONE - PREAMPLIFIER 


bse το courte 
HIGH-IMPEDANCE 
CRYSTAL-TYPE | | | 
MICROPHONES, Qi | 
πο AMPLIFIER, | 283818 


CONTROL. | 
LI 


| TO COMBINE SIGNALS. EROM Two ов! мов 
μη Ημ | ETC --} 


d POWER MOSEETS 


1А MÉTAL-OXIDE = SEMıco M DUCTOR. РЕР | | 
| СМОЗЕЕТ) HAS A GATE WHICH IS INSULATED | 

FROM THE CHANNEL ΕΥ А VERY THIN 

| GLASSY OXIDE. THEREFORE THE INPUT IM- | 

| PEDANGE. OF ΤΗΕ | MOSFET ιδ CONSIDERABLY 

4. HIGHER, THAN THAT OF THE STANDARD ВЕТ.) | 

| POWER |MosFETS. HAVE A VERY Low. RESISTANCE | 

CHANNEL.. THEREFORE MEY CAN CONTROL 

MUCH πώς CURRENT Hah FETS. 4 


| oN- AF TER- DELAY TIMER ΠΗ 


+4۷ L4 
PRESS Si то | 
CHARGE CL. TÉ | 
PIEZO -E022 EK. 
Έιτς TONE AFTER | 
C4 SELF DISCHARGES. | 
LARGE VALUES FOR 
СЇ INCREASE THE 
DELAY, PLACE 
LARGE VALUE RE- | 
SISTOR. ACROSS | 
Ci TO REDUCE DELAY. 
QL- POWER MOSFET. 
@2-2юм2222. | 


ON-DLRING-DELAY TIMER 


PRESS. S1 TO | 
CHARGE CL. THE | 
Ριεζο-ευττερ 
EMITS. TONE υωτίς 
C£ SELF DISCHARGES, ` 
INCREASE Ci το. 
1 INCREASE DELAY. | 
. RESISTOR ACROSS Ci | 
1 WiLL REDUCE DELAY, _ 


аъ 
POWER 
MOSFET 


LF. Ra CONTROLS Gain. 


PowER | 
| MOSFET. 


{ЫРЫТ can 


+ 

| 

4 
-4- 


+S то * {8м 
dosi | 
ім ii | 
Е ες 

INCREASE aL | 
κά TO 204891 OR i- 
RE Duce SIMILAR UTT l 
FREQUENCY. ez + 


МОТА СЕ CONTROLLED SWITCH AND MOT, _ 
A ТРОЕ TRANSISTOR. THE UIT IS, WELL |. |. 
SUITED FOR MANY OSCILLATOR APPLICATIONS. | 


“BAS \ c UIT OSCILLATOR 


гот 


SOUNDS. WARNING 
TONE WHEN ΤΗΕ. 
SUPPLY VOLTAGE 
FALLS BELOW Dis 
TURN-ON VOLTAGE. 
SELECT Di FOR 
DESIRED. VOLTAGE, ` 
OK το USE А 
SINGLE FIXED | 
CAPACITOR FOR |. 
Ri AND R2 (4.3K, 
. GIVES 2.8 KHz), | 


ΤΕΙΑΙ | В 


TO | 
AMPLIFIER. 
> ΓΗ 


THIS CIRCUIT, GENERATES CHIRPS HAVING | А FRE-| Тү 
-QUENCY CONTROLLED ΕΥ R4. R3 CONTROLS. RATE. 


4-MINUTE TIMER 


mis ciReusT. PULLS | | 
in THE RELAY АТ | | 
А, REPETITIVE CYCCE | 
CONTROLLED ΕΥ #1, 
RELAY Myst ВЕ Low- 
VOLTAGE (ТУРЕ. | Ll 


1-1 RR 


“Piezo. BUZZERS DELIVER EAR-PIERCING TONE. 
AT Low orive CURRENT Амо VOLTAGE. 


CAUTION: Ust EAR PRoTECTORS WHEN | 


EXPERIMENTING WITH PIEZO BuzzERS AT |. 


CLOSE RANGE. FOR) MORE THAN GRIEF | 
INTERVALS. 


|| BELL 


43 TD +12У 


ki- {οκ TO sok 
POTENTIOMETER. 


OK το ALTER 
st of cis Маше. 


NT 


PRESS ano RELEASE SL 
πο SIMULATE BEL. 


INTERFACES 


+5 то +12\ 


LOGIC 
+S ТО + 12у | 
aL 


Rt | 2N2222 
1K 


VOLUME CONTROL. 


тонау | 


Ri cONTROLS volume. 


анааан аиа ааа! 


EZ p= E LEMENT DRIVERS 


HERE FOR 


LiGnT- 
ma ACTIVATED 
TT TONE, || 

Qi | 
2N2227 } 


| ADJUSTABLE FREQUENCY | | 


14 TO 415v +0.8 το му. 


Qi | 
ανετα | 
" 


кч 
бара ik REO 


PRIMARY OF‏ 14-1415 | ا 

|_CENTER=TAPPED AUDIO. 
TRANSFORMER (RADID 

. SHACK 223-1380). R1 


THIS cigcuiT CAN ВЕ 
L EASILY MINIATURIZED. 
RZ CONTROLS FREQUENCY. 


I | FIXED TONE 

| 4870 41SV | 

t CONNECT ||| 
f tas MARRI 
T GROSS! Ri || 
ml R3 РОК DARKA 


M70. ACTIVATED | | 


UMSO томе ор! || 


_ CONTROLS FREQUENCY, 
Ш = 


i 


| SLICONECONTROLLED RECTIFIERS 


isi A TRUE SoLib- STATE. ON-OFF SWITCH. | 
THe! $с& is SWITCHED ON BY A SMALL ον а 
CURRENT AT ITS GATE TERMINAL. THE. || | 
SER. WiLL REMAIN, ON UNTIL THÉ CURRENT | | 
FLOWING THROUGH, IT FALLS. BELOW A | 
η ГГ ΠΗ σε. HOLDING, бирав), + 


- LNICHING PUSHBUTTON “SWITCH 


у [ EIL 08 
| Si- Posh το АстиАТЕ | | | | 
| CNORMALLY OPEN) | 

| S2- РОЗН TO ВЕЗЕТ ра 60 «5 
| (NORMALLY. CLOSED) | | 
Ri- LOAD CLAMP, ETC.) | 
SCR- TERMINAL | PINOUTS. 
VARY. TYPACACE ||| 


BLL} 
c + 


| ЦЕНТАСТ VATED RELAY H 


+9 Tot 12V 


| CL is CHARGED. У 
JRA быть ITS CHARGE! _ 
15 МСА ENOUGA, τα tt ا‎ 
Switch os THE | <R | 
THROUGH R2. C1 THEN - 
DISCHARGES TRONER 
THE SCR. Амо THE | 
SPEAKER. Ri « TROLS | 
HE REPETION | RATE. 


Note: SOME SCRS 
REGUIRE CAREFUL. 
SPKR Apa TM Y or Re. 


DC MOTOR SPEED ‘CONTROLLER - 
LLL 


THIS (CIRCUIT 
WILL МАЯУ| THE 
SPEED oF SELECTED 
ос MOTORS. ЁЧ | 

CONTROLS HE | 
SPEED.| AY slow | |. 
PULSE RATES FROM |. 
THE UIT OSCILLATOR, 
THE MOTOR | м +} 


+9у 


163 T0 E 


| RELAY. 13 Porten. 


‚ Амо Phoro STROBE: 


IN WHEN Qi IS. | 
ILLUMINATED. 1+ 
RELAY REMAINS | 
LATCHED UNTIL Si | 
15 PRESSED. WORKS! _ 
WIM FLASHLIGHTS | 


DAMM S. | 


* 


TCHECK MOTOR WITH THIS | 
(CIRCUIT, IF LED FLASHES 
JON AND OFF WHEN SHAFT 
OF MoTOR 15 ROTATED, 

IT WILL PROBABLY WORK. 


ROTATE IN) BURSTS.) 
FOR (BEST RESULTS, |. 
USE А SEPARATE | | 
POWER SUPPLY FoR. 


THE TRIAC IS A SOLID-STATE ON-OFF 
SWITCH THAT CAN CONTROL ALTERNATING 
CURRENT. IT 115 ELECTRONICALLY EQUAL το 
TWO. SERS CONNECTED IN REVERSE-PARALLEL, 


WARNING? tRiacs АВЕ DESIGNED FOR- 
TAC OPERATION. USE COMMON SENSE. | 
| SAFETY PRECAUTIONS WHEN WORKING 1-15} 

WITH, CIRCUITS THAT USE HOUSEHOLD LIAE 

CURRENT. ALL CONNECTIONS MUST BE WELL 

INSULATED. NEVER WORK ON ΑΝ AC LINE. 
| POWERED CIRCUIT WHEN ΤΗΕ POWER CORD 
PLUG 1$ INSERTED IN A WALL SOCKET. I 


TRIAC SWITCH. BUFFER 


ΠΠ } 


АС + + + ----- 
LiNE.. I=TRIAC l 
CURRENT |... 
‚ P*LAMP POWER — 
READ M*120 votTS 
WARNING T= P/V 


LAMP DIMMER 


Li- M0.4". LAMP. bi 1мчоо1 


| QL“ 2848183, ETC. 


| ON THE TRIAC AT RATE 
„ CONTROLLED By Ri. — 
Ae [1111111 ] 


RESISTOR COLOR CODE 


BLACK о ох! 

BROWN i £ tte 

RED 2 2 x100 

ORANGE 3 3 х 1,000 
YELLOW 4 ч ¥ 10,000 
GREEN 5 S * 106,000 
Blue е © х 1,000,000 
мот 7 7 X 10,000,000 
GRAY 8 8 * 100,000,000 
WHITE " 3 — 


FOURTH BAND INDICATES TOLERANCE (Accuracy): 
60.07 25%  SILVER-t10* NoNE=*20% 


OHM'S LAW: уте Revr 


ТЧК Ре утте 


ABBREVIATIONS 


A= AMPERE R * RESISTANCE 
F = FARAD V (ов Е) = VOLT 
I = CURRENT W= WATT 

P = Power fL* ом 

M (MEG-) = х 1,000,000 

К (κιιο-) = x 1,000 

м (MILLI-) * ,oo1 

м CMICRO-) = . ооо oot 

^ (NANO-) = , 000 ooo 001 

р CPico-) = . ооо ooo ooo ool 


